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currents are per Ib. of zinc" consumed in a DanielPs cell
equal to 1,1063160 foot-pounds, and one pound of coal is
much cheaper than one pound of zinc.
In an appendix dated August, 1843, Joule quotes Rum-
ford's theory that friction generated heat, and writes "I
have lately proved experimentally that heat is evolved by
the -passage of water through narrow tubes. My apparatus
consisted of a piston perforated by a number of small holes,
working in a cylindrical glass jar containing about 7 Ib. of
water. I thus obtained one degree of heat per Ib. of water
from a mechanical force capable of raising about 770 Ib,
to the height of one foot, a result which will be allowed to
be very strongly confirmatory of our previous deductions.
I shall lose no time in repeating and extending these experi-
ments, being satisfied that the grand agents of nature are,
by the Creator's fiat, indestructible; and that wherever
mechanical force is expended, an exact equivalent of heat is
always obtained."
He writes that his friend Mr. John Davies has discussed
with him the possible evolution of heat in animal veins
owing to the friction of the stream of blood. "It is un-
questionable that heat is produced by such friction/' but
the whole heat of the system must ultimately come from the
chemical changes occurring in it.
He apprehends that if an animal ascends a mountain,
"in proportion to the muscular effort put forth for the
purpose, a diminution of the heat evolved in the system by a
given chemical action would be experienced."
He considers the results of his paper require a modifica-
tion of his views on the electrical origin of chemical heat.
"I now venture to state more explicitly, that it is not pre-
cisely the attraction of affinity, but rather the mechanical
force expended by the atoms in falling towards one another,
which determines the intensity of the current, and conse-
quently the quantity of heat evolved." This simple
hypothesis explains "why heat is evolved so freely in the
combination of gases, and by which, indeed, we may
account "latent heat" as a mechanical power prepared for
action as a watch-spring is when wound up."